. Superposition of the structural models obtained by crystallographic studies on M of wild type bacteriorhodopsin at pH 5.2 (1) and pH 7.0 (2).
Superposition of the structural models obtained by crystallographic studies on M of wild type bacteriorhodopsin at pH 5.2 (1) and pH 7.0 (2). Carbon atoms from the structure at pH 5.2 are in salmon and those from the structure at pH 7.0 are in green. Oxygen and nitrogen atoms of protein residues are in red and blue, respectively. Water oxygen atoms (spheres) at pH 5 are in magenta and at pH 7 in yellow. Residue labels are located next to the oxygen atom of the carbonyl group. This figure was created using PYMOL (3). (a) The region surrounded by Arg82, Tyr83, Glu194, and Glu204 contains a larger number of water molecules in M at pH 7 than at pH 5. The two water molecules at pH 5 could be the protonated water cluster. Protonation of Asp85 and swinging of the guanidinium cation of Arg82 toward this site induces electrostatic changes in the protein residues in the site, and promotes deprotonation of the water cluster at pH 7 (4). The resulting changes can only be appreciated as changes in the number and the location of water molecules as mobile entities. Most interesting among them is a water molecule appearing at pH 7 between the phenolic oxygen atom of Tyr83 and the edge of the ring of Phe208 (π-electron in the benzene ring). The F208R mutant enzyme is known to affect proton release (5) . Another water molecule appears in the space between Glu194 and Glu204. These changes in water molecules close to Phe208 and Glu204 reflect the perturbation of a short segment of Helix G. The changes in the backbone carbonyl groups that were observed in the FTIR spectra are probably due to the perturbations of Glu204, Phe208, Asp212 and Lys216 in Helix G, as SUPPORTING MATERIAL discussed previously (6) , which may transmit the effect of the deprotonation of the water cluster to the perturbation in Lys216.
(b) A water molecule located between the backbone carbonyl group of Lys216 and the amide group of Gly220 in M changes its relative position between pH 5.2 (1) and pH 7.0 (2) together with the backbone carbonyl group. The change in the water molecule reflects the change in the dipole in the carbonyl group of Lys216, which was transmitted from the deprotonation of the water cluster discussed in (a), inducing a change in the dipole of the N-C bond. Superposition of the structural models obtained by crystallographic studies on M of wild type bacteriorhodopsin at pH 5.2 (1) and pH 7.0 (2). All carbon atoms at pH 5.2 are in salmon and at pH 7.0 in green. Oxygen and nitrogen atoms of protein residues are in red and blue, respectively. Water oxygen atoms (spheres) at pH 5 are in magenta and at pH 7 in yellow. This figure was created using PYMOL (3).
One of the carboxyl oxygen atoms of Asp85, its O-H moiety, is close to the carbon atom of the N-Cε bond in the side chain of Lys216, and forms hydrogen bonds with a water molecule (red for pH 5.2 and yellow for pH 7.0), which further forms H-bonds with the oxygen atom of Asp212 and a diffuse water molecule (shown as a red mesh for pH 5.2 and a yellow mesh for pH 7.0). The close correlation between the dipoles of the O-H bond of Asp85 and the N-Cε bond of Lys216 is discussed in the main text.
